Two elderly women have each received a monofocal intraocular lens in one eye and a 3M diffractive bifocal intraocular lens in the other eye. Both eyes were shown to have equivalent retinal/neural function by measuring contrast sensitivity to laser interference fringes which bypassed refractive and other defects of the ocular media. The eyes with a bifocal intraocular lens displayed a much greater depth of focus, though at the expense of diminished contrast sensitivity compared with the normal values expected forthat age. Simulation experiments suggested that the observed reduction in contrast sensitivity was not adequately explained by a simple reduction in retinal illumination ofthe in-focus image as might intuitively be expected from the bifocal separation of incident light to two simultaneous focal points. The simultaneous superimposition of the outof-focus image on the in-focus image must also be considered, since this caused a significant reduction in contrast sensitivity when the retinal illumination was insufficiently above the photopic luminance threshold. 
The replacement of a cataractous lens by an acrylic lens of single focal length is now very widely practised. The implanted lens restores contrast transmission over the relevant range of spatial frequencies' and enhances colour discrimination. 2 However, even in the absence of postoperative astigmatism the patient still requires a spectacle correction for either near or distance viewing, depending on the chosen power of the intraocular lens. Two zone concentric bifocal intraocular lenses are under clinical investigation, but they seem likely to depend critically on centration, and pupil size and position. To avoid this difficulty the theoretical basis for an intraocular lens with an enhanced depth of focus has been described.3 This consists of an artificial lens with a refractive power determined by the curvature of the surface, plus an additional refractive power produced by diffraction. The theory and the limitations ofthis type of lens have recently been reviewed. 45 The 3M Company has now introduced a diffractive bifocal intraocular lens in which an additional +2 5 DS (now increased to +3 5 DS) is conferred by a series of concentric diffraction rings ('microslopes rings') etched on the posterior surface of the lens.6 A survey of 55 patients who received either the +2-5 DS or +3 5 DS bifocal lens showed that some patients noted that the increased depth of focus was only at the expense of image clarity.' Patients with an intraocular bifocal lens also showed a significant loss of contrast sensitivity compared with age-matched controls with an intraocular monofocal lens at the near distance,8 though it must be said that both groups of patients had been selected on the basis of having 20/20 vision or better.
Recently one ofus (JLJ) has had the opportunity to insert the 3M bifocal lens into one eye of two elderly women each of whom had previously received the conventional monofocal lens in the companion eye. We have set out to compare the performance of the bifocal and monofocal lenses in situ by measurement of contrast sensitivity. 1 and 2 superimposed after the total luminance had been reduced by neutral density filter NDF2 to make it equal to oscilloscope 1 alone. These measurements proved to be identical (p>0 25), indicating accurate superimposition had been made. Whenever the displays had to be realigned, superimposition was always checked by this method for spatial frequencies 10 and 20 c/deg.
To simulate the condition in which the diffractive bifocal lens causes the simultaneous formation of an in-focus image and an out-of-focus image, oscilloscope 2 was defocused by a +2-75 DS trial lens positioned as near to the subject's eye as possible, which, owing to the presence of the beam splitter, was 100 mm from the estimated position of the posterior nodal point (L in Fig 1) . The defocus at the posterior nodal point was of oscilloscope 2 defocused as described above. The experiment was also repeated in the reverse order -that is, defocus followed by infocus. But no differences were present when the experimental sequence was reversed. These measurements were undertaken for the two subjects H and D at the normal display luminance and with 0 9 logarithmic units attenuation to take account of the increased luminance thresholds ofthe elderly (see later). These experiments were also repeated on patient J when viewing with her monofocal eye.
To determine whether the defocused image contributed to the display contrast, contrast thresholds were measured for the superimposed displays with oscilloscope 2 defocused and with the defocused grating pattern substituted by a uniform background, which was effected by disconnecting the Z modulation of oscilloscope 2. The effects of a phase shift of the defocused image were also tested by displacement of the position of the defocused image by one half cycle, so that the defocused bright half cycle was superimposed on the in-focus dark half cycle of the in-focus grating display.
Results
The visual test data for J (age 77 yr) and M (age 71 yr) are summarised in Table 1. Patient J had clear ocular media in both monofocal (right) and bifocal (left) eyes: the best Snellen acuity after optimal refraction was 6/5 in the monofocal eye and only 6/9 (Fig 2C) . The contrast sensitivities for the bifocal eye of J, which were reduced by some 0 70 logarithmic unit at 10 and 15 c/deg compared with the monofocal eye, fell below the A After capsulotomy normal range. In M the contrast sensitivities, which were measured over 5-15 c/deg owing to her diminished resolution, were abnormally low for both monofocal and bifocal eyes. Comparisons between the two eyes showed no significant differences at the three spatial frequencies (p>0062). Following capsulotomy of the monofocal eye contrast sensitivity was found to be reduced slightly at 5 c/deg (p=0 017) and unchanged at 10 and 15 c/deg (p>0 25) (Fig 2D) . (Fig 3A, B) . With increasing defocus the contrast sensitivity for both monofocal eyes declined, with a 0 30 logarithmic unit reduction occurring at ± 1-0 DS.
The contrast sensitivities f eyes, however, were not affi defocus. In J it was greater logarithmic units than for th4 -4-0 DS and -5 0 DS, respe4 fact that at optimum focus it logarithmic unit less than tha eye (Fig 3A) . reduction of contrast sensitivity for the bifocal eye with defocus was much less than with the monofocal eye (Fig 3B) . At (Fig 4) . An attenuation in luminance of 50% resulted in a significant reduction in contrast sensitivity of 0-14 logarithmic unit in J (p=0 0001, Fig 4A) . While thiswould account in part for the 0*23 logarithmic unit difference between monofocal and bifocal eyes at 5 c/deg (Fig 3A) , it would not be relevant to the difference present in Fig 2C. In M the reduction was only 0-07 logarithmic unit (p=0-22, Fig 4B) , which, when taken into account, is insufficient to explain the abnormally low contrast sensitivity in comparison with the expected normal range (Fig 3B) . Figure 5C , inverted solid triangles).
The main reduction occurred at spatial fre- Spatial frequency (c/deg) Figure 5 Effects of a superimposed defocused image on contrast sensitivity in ayoung subject at normal luminance (A) and at 0 9 logarithmic unit attenuation (B). Open circles denote the superimposed in-focus displays and solid symbols denote the superimposition ofthe defocused display ofoscilloscope 2 on the in-focus display ofoscilloscope 1 quencies ofbelow 20 c/deg, which was interpreted as meaning that at 20 and 25 c/deg the display was defocused to such an extent that neither the in-phase nor out-of-phase grating patterns contributed to the detection of the in-focus display. This is consistent with the markedly depressed contrast sensitivities, especially those at higher spatial frequencies, which were offscale, in response to the defocused display alone of the appropriate luminance (Fig 5C, inverted  open triangles) .
In the experiments with J viewing with her monofocal eye the normal display luminance, which was the same as that employed in Fig 2C, in which the monofocal eye showed a markedly superior performance to the bifocal eye was initially employed. This was 3-00 logarithmic units above the photopic threshold. In the presence of the superimposed defocused display, contrast sensitivity was reduced somewhat compared to when the two superimposed displays were in-focus (Fig SD, open and solid circles) . The reduction of 0 09 logarithmic unit (19%) was on the borderline of statistical significance (005<p<O 1). When the overall luminance was reduced by 0-6 logarithmic unit, by which the monofocal eye was placed on a par with the bifocal eyes in terms of effective rentinal illumination, a slightly larger reduction of 0d12 logarithmic unit (24%) which was statistically significant (p<001) was recorded (Fig SD, open  and solid squares) . This was, however, still insufficient to account for the large decrement between bifocal and monofocal eyes shown in Fig 2C. Discussion In our two patients the diffractive bifocal intraocular lens's main purpose in conferring an additional depth offocus than with the monofocal lens was shown to have been fulfilled. However, this appeared to be at the expense of spatial resolution, which was markedly impaired. In terms of contrast sensitivity, in one patient, the performance of the bifocal lens in situ was on par with the monofocal eye, the performance of which was suspected to be suboptimal. In the other patient the bifocal eye was markedly inferior to the monofocal eye.
RETINAL/NEURAL FUNCTION
The retinal/neural contrast sensitivities of all four eyes fell within the expected normal range and indeed were broadly similar. This suggests that there was no adverse effect of the operation on retinal/neural function. Moreover, there did not appear to be a deleterious effect of the diffraction rings of the bifocal lens on the contrast of the laser interference fringes. This may be surmised to be due to the fact that the two laser beams incident to the eye are focused by the Maxwellian lens on to the posterior nodal point of the eye. Thus the beam diameter at the bifocal lens is relatively small in comparison with the spacing of the diffraction rings, the first ofwhich may be expected to have a diameter of 1-07 mm for +3 5 DS.4 In the case when a large collimated beam is incident to the diffraction rings, a circular diffraction pattern would be generated for each beam, and these themselves would mutually interfere. No such patterns were ever reported, and only the vertical interference fringe pattern was ever detected by the patients, even at high contrasts. Thus it becomes feasible to assess the deficit caused by the bifocal lens on the resolution of the oscilloscope-generated grating pattern by an estimation of the Snellen acuity expected from the laser interference fringe contrast sensitivities. On the basis of the data in Figure 2A and B a Snellen acuity of 6/6 or 6/5 would reasonably have been expected for the bifocal eyes instead of the recorded 6/9.' OVERALL VISUAL FUNCTION It would appear that a penalty has been paid in 
0-
our two patients in terms of best distance acuity in order to gain depth of focus. This is most apparent in patient J, to whom the difference was readily discernible. In M the monofocal and bifocal eyes did show a similar level of performance, though in this patient we believe that this was attributable to the anomalous underperformance ofthe monofocal eye. In this respect it was noted that capsulotomy of the monofocal eye with the hazy posterior capsule did not result in improved vision (Fig 2D) , which indicates that the capsule was unimportant in causing this anomaly. Other such anomalies have been encountered occasionally in a previous study.' No definite explanation can be given other than to remark that irregularities of the cornea and pathology of the retina might be excluded, since both would adversely affect the laser interference fringe contrast sensitivity.
The division of incident light between the two focal points by the bifocal lens, and hence, a reduction in luminance of each in-focus image, may reasonably be expected to have some effect on contrast sensitivity (Fig 4) , though this would not account for the observed reduction in contrast sensitivities under the experimental condition where the effective luminance of left and right eyes had been made equal (Fig 2C, D) . However, it must be said that by simply matching luminances for the monofocal and bifocal eyes the possibility of a reduced illumination of the infocus image is not completely excluded. First, it does not follow that the two eyes should have equivalent photopic thresholds, especially in the elderly, where there may have been differential effects of aging; and, secondly, the in-focus image will have superimposed upon it the outof-focus image. In the luminance matching procedure this would serve to cause an underestimation of the luminance of the in-focus image.
However, we believe that another explanation, other than a simple reduction in luminance, should be considered. We have demonstrated that the superimposition of the out-of-focus image on the in-focus image has a deleterious effect on contrast sensitivity when the display luminance is an insufficient amount above the photopic luminance threshold in both the control subjects and the patient J. In these experiments our estimate ofan age related increase in photopic threshold of 09 logarithmic unit, based as it was on a limited number of eyes, is consistent with previous data. 14 Patient J actually had a somewhat lower than expected luminance threshold for her monofocal eye, but, once taken into account, contrast sensitivities were signficantly reduced in the presence of the superimposed defocused image. The reduction, however, was insufficient to explain the marked deficit recorded in Fig 2C, for which other explanations must be sought. It must be emphasised that the cause must be optical rather than neural, since retinal contrast sensitivities were normal (Fig 2A) . One unknown factor which has yet to be evaluated theoretically' is the possibility ofa phase shift by the diffractive optics. This would cause a further decrement in contrast sensitivity (Fig 5C) , though again not to an extent that would completely explain the deficit shown in Figure 2C .
Several further complexities exist. The performance ofthe bifocal lens will depend critically on the accuracy of the position of the diffraction rings, since the interval between rings must decrease with eccentricity.4 Thus the machining of the diffraction rings and centring of the lens would need to be precise to ensure constructive interference ofthe diffracted light rays; otherwise destructive interference would arise. Secondly, the characteristics of the diffractive lens are specific to a certain wavelength of light, since refraction is directly related to wavelength. In other words, the 41% transmission specified by the manufacturer is applicable to only one (unstated) wavelength. On the assumption that the specifications are for green light we may surmise that the performance obtained in response to our green oscilloscope display is in fact the best possible and would be poorer for other wavelengths.5 Hence it would appear from the lower than expected contrast sensitivities for the two bifocal eyes (Fig 2C, D) that there are factors yet to be recognised in the explanation for these deficits. This would perhaps justify the mounting of a larger scale in-depth study of patients with a monofocal implant and diffractive bifocal implant in their respective eyes. Our more detailed experimental study thus complements the clinical study of Percival7 and the photographic analysis of Zisser and Guyton. '5 If the experiment in which a defocused image was superimposed on the in-focus image is a reasonable simulation of the effects of the diffractive bifocal lens, we could expect that no measureable impairment of visual performance would arise, provided the luminance was sufficiently high with respect to that individual's photopic threshold, irrespective of age. This disregards the possible contribution ofthe factors of a phase -shift, chromatic aberration and decentration, which have yet to be evaluated. However, with insufficient illumination a significant decrement in contrast sensitivity would be predicted, especially in older patients, whose luminance threshold is raised as part of the normal aging process.'4 This decrement would be predicted to be exacerbated for viewing within the scotopic range. Hence under conditions of low illumination the diffractive bifocal intraocular lens may not reasonably by expected to give the same quality ofvision as the monofocal lens.
Some patients may, however, happily trade diminished contrast sensitivity in distance vision for a greater depth of focus. This may apply to elderly patients who have a more sedentary life style and for whom resolution of distant objects is relatively unimportant, and to younger patients who still have accommodation in one eye and who might thus prefer the bifocal intraocular lens in the companion eye. On the other hand the monofocal implant may be the choice of those for whom distance vision is ofparticular importance. This choice should be considered in terms of the prospective patient's photopic luminance threshold. Plainly it is impracticable to make determinations on a cataractous eye, though regard could profitably be given to the previously well established data across the lifespan."4 Accordingly, the potential difference in performance between the diffractive bifocal and monofocal lens should be explained fully to the patient.
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